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Abstract
Background: To study the knowledge of a large city population on preconception folic acid supplementation and
intention to seek for preconception care within an urban perinatal health program.
Methods: Cross-sectional surveys run in Rotterdam, the Netherlands, in 2007 and annually from 2009 to 2014. A
random sample of residents aged between 16 and 85 years was taken each year from the municipal population
register. Bivariate analysis, interaction analysis, trend analysis and logistic regression were performed.
Results: Knowledge on preconceptional folic acid supplementation significantly improved (+20 %) between 2007
and 2009, and the intention to consult a GP or midwife in the preconception period significantly increased (+53 %)
from 2007 to 2012. Logistic regression analyses showed that low socio-economic status was significantly associated
with low preconceptional folic acid knowledge, but with higher intention to seek out preconception care. An
interaction effect was found between educational level and ethnicity, showing that the higher the educational level
the lower the gap of level of knowledge between the different ethnic groups.
Conclusion: Despite campaigns about folic acid supplementation knowledge on this supplement remains low. The
intention amongst men and women to seek out preconception care is still insufficient. Structural interventions to
increase and maintain awareness on folic acid supplementation, especially among high-risk groups, are needed.
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Background
Preconception care (PCC) is an essential component of
maternal and child healthcare. PCC is defined as the set
of preventive interventions targeted at women of repro-
ductive age and their partners to improve pregnancy
outcomes. A wide range of preconception risk factors
are found to be associated with adverse foetal outcomes,
and many of these risk factors are amenable to preven-
tion [1, 2]. For selected outcomes (e.g. neural tube
defects (NTDs)), prevention through PCC have shown
to be effective [3].
A population study showed that 98 % of couples hoping
to have a child exhibit at least one risk factor amenable for
intervention, thus justifying individual counselling [4].
Despite the seemingly straightforward positive benefits of
PCC and the high percentage (80 %) of planned pregnan-
cies (among the native Dutch population) fit for the appli-
cation of PCC [5], the observed number of individual PCC
consultations is negligible [6]. Lack of knowledge about
common preconception risk factors seems to be one of
the critical factors hindering the widespread application of
PCC: in a population study in Rotterdam half of the non-
pregnant study population (n = 631) were unaware of the
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adverse effect of smoking and being overweight on fertility
[7]. Although, this outcome is in contrast with other re-
sults [8], specific preconception health knowledge, e.g.
folic acid (FA) use, was also scarce [7].
Since appropriate FA use before and during early
pregnancy has been shown to protect against NTDs
and other congenital anomalies [9, 10], public aware-
ness campaigns have been launched to raise FA sup-
plementation [11]. In the Netherlands, the last
government-sponsored mass-media campaign was in
1995. In absence of continued reinforcement of this
message, the use of FA supplementation has lowered.
The initiative of local pharmacies in 2004 to inform
women using oral contraceptives of the benefits of
preconceptional FA supplementation seemed to have
had little effect on FA use, with supplementation
levels remaining at 36 % [12].
In 2009, the Rotterdam municipality and the
Erasmus University Medical Centre, supported by
health scientists, launched the Ready for a Baby pro-
gram [13] aimed at improving perinatal health. The
PCC sub-study was the first chain in this comprehen-
sive urban program, including PCC pilot projects in
selected North (2008–2010) and South (2010–2012)
districts of the city of Rotterdam. Beyond interven-
tions to raise awareness for preconceptional FA use
and PCC utilization, the program aimed at reaching
vulnerable population groups, such as migrants and
those with low socio-economic status (Fig. 1).
The aim of the present study was to investigate know-
ledge of preconception FA supplementation and
intention to seek for PCC in the city of Rotterdam.
Methods
Study design
Within the PCC sub-study three pillars (Fig. 1) were com-
bined to have maximum reach and impact: 1) the aim of
the public campaign was to raise awareness and attention
about the provision and the content of PCC, and to pro-
vide information about activities in the PCC pilot projects.
2) The aim of the target groups-specific PCC sessions was
to transfer knowledge and awareness about PCC and to
motivate the target group to make use of individual PCC.
Three types of education were developed and executed by
six women and one men from different ethnic origin given
in their native language through their existing network in
the neighbourhoods and places where people met each
other, e.g. mosques and schools. The course centered
around information provision about the importance of a
good preparation of a pregnancy, the timely intake of FA
supplementation, prenatal screening, and the prevalence
of genetic disorders among some migrant groups, such as
sickle cell disease and Thalassemia with several materials
to make the sessions interactive. On the side note other
health promotion approaches were also involved like en-
hancing autonomy and empowerment, but the effects of
these other approaches on the results were not measured
in this study. In the final session, the group of women ac-
companied by the peer educator visited a midwifery prac-
tice in the neighbourhood.
The men’s session was compromised to a single session.
3) General individual PCC was provided by GP’s and mid-
wives using www.ZwangerWijzer.nl; an evidence-and
practice-based web application that for candidate parents
allows to make an individual risk assessment [14].
Fig. 1 Obstetrical chain of care within the Ready for a Baby program. The PCC sub-study was the first chain in this comprehensive perinatal
health program. The objective of the PCC sub-study was to develop and organize standardized general PCC. For this purpose three approaches
were combined in two pilot districts of Rotterdam: (1) collective PCC awareness through local public health campaigns, (2) target group-specific
PCC education sessions through the ‘peer educator’ method, and (3) individual PCC consultations by GP’s and midwives
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In this population-based study we used seven citywide
cross-sectional surveys (2007, 2009–2014) which mea-
sured citywide and two districts knowledge on precon-
ception FA supplementation and intention to seek out
PCC at different times. Using these seven cross-sectional
surveys we performed a trend-analysis to observe
changes in PCC knowledge. See Fig. 2 for a scheme of
the study design.
Outcomes
The primary outcome was preconception FA knowledge
measured over 3 years (2007, 2009, and 2010). This out-
come reflected the affirmative response to the question
‘A woman who wishes to become pregnant should take
FA supplementation before she tries to become preg-
nant’, with three non-ordered response levels (no, that is
not necessary; yes, she certainly should; and don’t know/
not relevant). After 2010 this outcome was not included
in the survey due to different policy prioritization.
The secondary outcome was the response to the ques-
tion regarding the intention to seek out PCC, measured
over seven consecutive years (2007, 2009–2014). This
outcome reflected the response to the question ‘A
woman who wishes to become pregnant should consult
a GP or midwife before she tries to become pregnant’,
with four non-ordered response levels (no, that is not
necessary; only in case of problems; yes, she certainly
should; and don’t know/ not relevant). In 2008 both out-
comes were not included in the survey.
In terms of medical adequacy (first outcome) and
given that every couple could benefit from PCC (second
outcome), ‘yes, she certainly should’ was regarded as the
only correct response. Response levels on both outcomes
were recoded into a two-level outcome (‘other’ vs. ‘yes’)
in order to perform logistic regression analysis.
Population
Rotterdam is the second largest city in the Netherlands
(610,412 inhabitants: 48 % non-Dutch origin) with the
highest number of deprived neighbourhoods (seven) and
large socio-economic inequalities [15]. The four major
immigrant groups are: Surinamese 8.5 %; Turkish 7.8 %;
Moroccan 6.7 %; and Antillean 3.8 % [16]. Although the
ethnic minorities and the age category <45 years are un-
derrepresented in the Omnibus Survey, the response
rate is still representative for the whole city, and large
enough to make statements and search for changes in
trends [17]. The age category over 45 years was included
in the analysis as knowledge of elderly family members
about PCC can influence the behaviour of younger
people within their family [18]. Although the existing of
cultural and socio-economic differences relating to re-
sponsibility and family planning, men were also in-
cluded. Their role in PCC is important: family planning
is a shared responsibility and some risk factors, such as
smoking and sexually transmitted diseases, are joint
[19]. Moreover, literature on gender differences in PCC
utilization is scarce.
Data collection
Study-specific survey items were added to the Omni-
bus Survey, a paper survey run annually using a ran-
dom sample of 3500 Rotterdam citizens aged between
16 and 85 years. The study-specific items were previ-
ously tested and included in a survey which was used
to study the determinants of the intention of PCC
use [7]. In case of insufficient response among the
immigrant groups, trained male and female inter-
viewers administered the Dutch questionnaire face-to-
face in order to achieve representativeness. The
percentage of these face-to-face interviews fluctuated
between 2.2 and 8.6 % of the total study sample per
year. The response rate (including additional face-to-
face interviews) between 2007 and 2014 gradually de-
creased from 42 % (n = 1329) to 29 % (n = 897)
(Table 1). Explanations for this decrease could be that
Dutch language proficiency acts as a barrier to fill
out the written survey and/or big city’s population are
Fig. 2 Outcomes within the Omnibus Survey per pilot intervention district and measured study years correlating with the pilot interventions
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less receptive to forms of social participation, such as
participating in a municipal survey.
Independent variables
Time in years corresponding with before, during and
after the pilot campaigns. Ethnicity was based on the
country of birth of the individual and his/her parents as
registered in the civil administration. The different eth-
nicities were subsequently recoded into three categories:
(1) non-Western immigrants (e.g. Moroccan, Turkish,
Antillean, Surinamese, Cape Verdean, Aruban, Asian,
and African); (2) Western immigrants (e.g. European
and American); and (3) Dutch.
Educational level, household income, employment sta-
tus, and neighbourhood were used as indicators of socio-
economic status. Educational level was determined on
the basis of the highest completed education (no educa-
tion/primary education, lower secondary education,
higher secondary education, and higher vocational col-
lege/university) and classified into two categories: 1) low
and; 2) moderate and high. Household income reflected
monthly income and was divided into 6 categories (<950
euro, 950–1300 euro, 1300–1900 euro, 1900–3150 euro,
3150–3500 euro, and 3500 euro and more) being con-
secutively adjusted for the number of persons in the
household and classified into 1) minimum; 2) minimum-
moderate; 3) moderate-2× moderate; and 4) >2× moder-
ate. To determine employment status respondents were
asked whether they had paid work and their responses
were recoded into: 1) unemployed and; 2) employed. Re-
spondents were categorized as residing in or outside a
deprived neighbourhood on the basis of the postal code
of their place of living derived from the Government De-
cision of May 2007 [20].
The variable children living in the household was mea-
sured by asking how the household was composed
(alone, two adults with no children in household, (mar-
ried) couple with children in household, and one parent
with children in household) and was classified into 1) no
and 2) yes.
Religion was measured by asking the respondents
whether they considered themselves as belonging to a
religion; answers were recoded into: 1) no and; 2) yes.
Data analysis
A Chi-Square test (X2-statistics) was used for bivariate
analysis of correct preconceptional FA knowledge and
correct knowledge regarding intention to seek out PCC
(p-values <0.05 were regarded statistically significant).
Using Spearman’s rank correlation, no coefficient associ-
ation (r > 0.60) was found between both outcomes.
Trend analysis for changes in knowledge of preconcep-
tion FA supplementation and PCC consultation was per-
formed for both pilot districts separately as well as
citywide (including the two pilot districts). The logistic
regression analysis was performed in a two- and three-
stage approach: in model I the study years were entered,
in model II socio-demographics, socio-economic status
and other variables were included, and in model III the
observed interaction between ethnicity and educational
level was included. Results are reported as (adjusted)
odds ratios (OR), with 95 % Confidence Intervals (CI).
Details of ethical approval
The research proposal has been reviewed by the Medical
Ethics Review Committee of the Erasmus Medical Center.
As a result of this, the Committee informed us that the
rules laid down in the Medical Research Involving Human
Subjects Act (also known by its Dutch abbreviation
WMO), do not apply to this study as data collection was
anonymous and no invasive treatments were performed. It
was therefore not necessary to obtain informed consent.
Table 1 Study size and response rate per study year in the Omnibus Survey
Study
yeare
PCC FA knowledgea PCC intention to consult a GP/midwifeb
Response sized, n Response rate, % Response sized, n Response rate, %
2007 1314 38 1329 42
2009 1240 35 1250 40
2010 1212 35 1225 38
2011 NAc NAc 1194 38
2012 NAc NAc 1105 37
2013 NAc NAc 1080 35
2014 NAc NAc 897 29
aPreconceptional folic acid knowledge based on: “A woman who wishes to become pregnant should take folic acid supplementation before she tries to become
pregnant”. Rotterdam, the Netherlands, 2007, 2009 and 2010
bPreconceptional intention to consult a GP or midwife based on: “A woman who wishes to become pregnant should consult a GP or midwife before she tries to
become pregnant”. Rotterdam, the Netherlands, 2007, 2009–2014
cNA Not accounted
dResponse size represents the number of returned and filled out surveys
eEach study year the study sample covered 3500 participants aged 16–85 drawn from the municipal register
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Results
Characteristics of the study population and percentages
of correct answers for both outcomes are shown in
Table 2. Significantly more correct answers for the
preconception FA questions were given by those in the
following respondent categories: females, those aged be-
tween 25 and 44 years old, Dutch respondents, individ-
uals with a moderate and high educational level, those
Table 2 Characteristics of the study population in the Omnibus Survey
PCC FA knowledgea
(n = 3766)
Correct answer
(%)
p-value* PCC intention to consult a GP/midwifeb
(n = 8080)
Correct answer
(%)
p-value*
Socio-demographics
Gender, % <0.001 <0.001
Men 45 26 45 21
Women 55 43 55 18
Age in years, % <0.001 0.18
16–24 11 24 11 22
25–44 33 51 33 19
≥ 45 56 27 56 19
Ethnicity, % <0.001 <0.001
Non-Western
immigrants
24 29 23 26
Western immigrants 9 35 9 21
Dutch 67 37 68 17
Socio-economic status
Educational level, % <0.001 0.02
Low 42 27 40 21
Moderate and high 55 41 60 19
Household income, % <0.001 <0.001
Minimum 22 25 24 25
Minimum-moderate 22 29 22 22
Moderate-2×
moderate
28 37 31 16
> 2× moderate 22 47 23 16
Employment status, % <0.001 <0.001
Unemployed 49 27 46 21
Employed 51 42 54 18
Neighbourhood, % 0.22 <0.001
Non-deprived 67 36 66 18
Deprived 33 34 34 22
Other variables
Children living in the
household, %
<0.001 0.02
No 60 29 63 20
Yes 40 43 37 18
Religion 0.003 NA NA
No 52 37
Yes 48 32
*p-value for differences between correct answers
aPreconceptional folic acid knowledge based on: “A woman who wishes to become pregnant should take folic acid supplementation before she tries to become
pregnant”. Rotterdam, the Netherlands, 2007, 2009 and 2010
bPreconceptional intention to consult a GP or midwife based on: “A woman who wishes to become pregnant should consult a GP or midwife before she tries to
become pregnant”. Rotterdam, the Netherlands, 2007, 2009–2014
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with income more than two times the moderate house-
hold income, employed respondents, respondents living
in households with children, and non-religious respon-
dents. Significantly more correct answers for the
intention to seek out PCC were given by the following
respondent categories: males, non-Western respondents,
individuals with a low educational level, those with a
minimum household income, unemployed respondents,
respondents living in deprived neighbourhoods, and
those living in households with children.
Trend analysis (Fig. 3) showed that the overall correct
knowledge of preconceptional FA supplementation sig-
nificantly increased from 30.7 % in 2007 to 36.8 % in
2009 (p = 0.001), with no further increase in 2010. For
district North (n = 298; response rate 36.9 %) a non-
significant increase of 31 % was found between 2007
(30.6 %) and 2010 (40.2 %). For district South (n = 103;
response rate 9.8 %) a fluctuating pattern was found,
with a non-significant increase from 29.3 % in 2007 to
43.7 % in 2009, followed by a non-significant decrease to
31.2 % in 2010.
The overall intention to seek out PCC significantly in-
creased from 16.1 % in 2007 to 24.6 % in 2012 (p < 0.001),
with a temporary decrease to 18.8 % in 2013 and an in-
crease to 20.3 % in 2014. For district North (n = 694; re-
sponse rate 34.8 %) a non-significant increase was
observed between 2007 (14.3 %) and 2010 (22.4 %), with a
fluctuating pattern afterwards. For district South (n = 711;
response rat 28.6 %) a significant increase was observed
between 2007 (11.3 %) and 2012 (27.4 %), with a fluctuat-
ing pattern exhibiting decreases and increases after 2012.
Results from the logistic regression analysis for both
outcomes with ‘yes, she certainly should’ as reference
category are shown in Table 3. Knowledge of preconcep-
tion FA supplementation was significantly lower in: the
study year 2007, in men, in persons aged between 16
and 24 years or 45 years and older, in persons with a
non-Western immigrant background, in minimum and
minimum-moderate income households, and in house-
holds without children. The intention to seek out PCC
was significantly lower in the study years 2007, 2009,
and 2010. Significantly higher PCC intention was found
in: the study year 2012, in men, in persons aged between
16 and 24 years, in persons with an immigrant back-
ground, in minimum and minimum-moderate income
households, and in households without children.
Analysis of interaction between determinants
Regarding the outcome preconceptional knowledge of
FA supplementation, one interaction was found between
ethnicity and educational level. The knowledge gap be-
tween non-Western immigrants and the Dutch was sig-
nificantly larger amongst individuals with low levels of
education. This gap was not apparent among individuals
with high levels of education. No significant interactions
were observed between gender and the variables: age,
educational level, employment status, neighbourhood,
having children in the household, and religion.
Discussion
The present study demonstrates that correct knowledge
concerning both FA supplementation (30.7 % in 2007 vs.
36.8 % in 2009) and the need for PCC consultation be-
fore pregnancy (16.1 % in 2007 vs. 24.6 % in 2012) sig-
nificantly increased citywide during the study years. .
Non-significant changes in districts North and South
where the interventions took place were observed. With
a public health approach via the Ready for a Baby pro-
gram in the North and South districts of Rotterdam in-
terventions were set up to raise awareness for
Fig. 3 Trend analysis for correct PCC knowledge and intention to seek for PCC. Trend analysis for the city of Rotterdam and focusing on the pilot
districts North and South (2007, 2009–2014)
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Table 3 Results from logistic regression analysis for preconceptional folic acid knowledge and preconceptional intention to seek for care with “yes, she certainly should” as
reference category
Preconceptional folic acid knowlegdea Preconceptional intention to seek for careb
Ic IIc IIIc Ic IIc
Study years
2007 0.74 (0.63–0.87)** 0.73 (0.61–0.88)** 0.73 (0.61–0.88)** 0.53 (0.40–0.69)** 0.51 (0.39–0.68)**
2009 0.97 (0.82–1.14) 1.00 (0.83–1.19) 0.99 (0.83–1.19) 0.61 (0.47–0.81)** 0.61 (0.46–0.81)**
2010 reference reference reference 0.58 (0.44–0.77)** 0.61 (0.46–0.81)**
2011 NA NA NA 1.14 (0.86–1.51) 1.19 (0.89–1.59)
2012 NA NA NA 1.42 (1.07–1.90)* 1.54 (1.14–2.07)*
2013 NA NA NA 1.00 (0.75–1.34) 1.01 (0.75–1.37)
2014 NA NA NA reference reference
Socio-demographics
Gender (reference: women)
Men 0.42 (0.36–0.49)** 0.42 (0.36–0.49)** 1.41 (1.22–1.64)**
Age in years (reference: 25–44)
16–24 0.31 (0.24–0.40)** 0.30 (0.23–0.39)** 1.38 (1.07–1.79)*
45 and older 0.40 (0.34–0.48)** 0.40 (0.33–0.47)** 1.09 (0.91–1.30)
Ethnicity (reference: Dutch)
Non-Western immigrants 0.57 (0.46–0.71)** 0.45 (0.33–0.62)** 1.94 (1.59–2.35)**
Western immigrants 0.69 (0.53–0.91)* 0.74 (0.44–1.26) 1.59 (1.23–2.05)**
Socio-economic status
Educational level (scale) 1.31 (1.10–1.55)* 1.20 (0.98–1.47) 1.13 (0.94–1.35)
Household income (reference: >2× moderate)
Minimum 0.59 (0.46–0.77)** 0.60 (0.46–0.77)** 1.56 (1.22–2.01)**
Minimum-moderate 0.66 (0.53–0.83)** 0.66 (0.52–0.82)** 1.60 (1.26–2.02)**
Moderate-2× moderate 0.79 (0.65–0.96)* 0.78 (0.64–0.95)* 1.07 (0.87–1.31)
Employment status (reference: employed)
Unemployed 0.93 (0.78–1.10) 0.92 (0.78–1.10) 1.18 (1.00–1.40)
Neighbourhood (reference: deprived)
Non-deprived 0.97 (0.83–1.15)
Other variables
Children living in the household (reference: yes)
No 0.60 (0.51–0.71)** 0.60 (0.51–0.70)** 1.60 (1.36–1.88)**
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Table 3 Results from logistic regression analysis for preconceptional folic acid knowledge and preconceptional intention to seek for care with “yes, she certainly should” as
reference category (Continued)
Religion (reference: yes)
No 1.03 (0.88–1.21) 1.03 (0.87–1.20) NA
Interaction
Ethnicity*educational level (ref: Dutch* educational level)
Non-Western* educational level 1.46 (1.01–2.11)*
Western* educational level 0.92 (0.50–1.70)
aPreconceptional folic acid knowledge among respondents answering ‘other’ vs. ‘yes’ on: “A woman who wishes to become pregnant should take folic acid supplementation before she tries to become pregnant”.
N = 3766; Rotterdam, the Netherlands, 2007, 2009 and 2010
bPreconceptional intention to consult a GP or midwife among respondents answering ‘no’ vs. ‘yes’ on: “A woman who wishes to become pregnant should consult a GP or midwife before she tries to become
pregnant”. N = 2771; Rotterdam, the Netherlands, 2007, 2009–2014
cIn model I the study years were entered, in model II socio-demographics, socio-economic status and other variables were included, and in model III the observed interaction between ethnicity and educational level
was included
Data are in OR, odds ratio (95 % confidence interval). OR = exp (ß), where ß is the coefficient in the logistic model
* p ≤0.05; ** p ≤0.001
NA Not Accounted
Nagelkerke for preconceptional folic acid knowledge: step I R2 = 0.006, step II R2 = 0.181, step III R2 = 0.181 and for preconceptional intention to seek for care: step I R2 = 0.042, step II R2 = 0
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preconceptional FA use and PCC utilization. These in-
terventions may have influenced knowledge in the two
intervention districts. Although, representativeness of
the study sample is good enough for generalizability and
validity, still it remains difficult to measure effects city-
wide from interventions executed in a part of the city.
Moreover, measuring intervention effects was not the
objective of this study.
First, we will discuss results related to preconceptional
FA knowledge. The inclusion of both men and women
in our study enabled the evaluation of gender differences
in knowledge. As expected, men had less correct know-
ledge about the need for preconceptional FA supple-
ments. Corresponding results were found in another
study conducted in a random sample of men and
women in the US [21].
With regard to age differences, preconceptional FA
knowledge was lower among the younger respondents
(16–24 years) and the non-fertile age group (45 years
and older) [22, 23]. For the younger age category, similar
results have been found in other studies [24–26]. The
number of teenage (<20 years) births is less than a half
percent of all births in the Netherlands. However, the
youngest age groups comprise of future parents and
teenage mothers are still common among Surinamese
and Antillean girls [27].
As expected, our results showed that individuals
aged between 25 and 44 years showed the highest
level of correct knowledge concerning preconception
FA supplementation.
Respondents aged over 45 years were included in our
study, because their knowledge and beliefs can influence
behaviour of younger people. Studies showed that social
influences (e.g. knowledge and habits) plays an important
role in the development of behavior [28]. Approaches with
social network and social influences have been successfully
used for a range of health behaviors, including HIV risk
practices, smoking, exercises, dieting, family planning, and
mental health [29]. In addition, cultural diversity in social
influences exists and is a variable that merits attention in
health programs. We also found that preconception FA
knowledge was lower amongst non-Western women. This
may suggest that language proficiency within the host
country has consequences for knowledge of preconception
FA supplements [30, 31]. As expected and supported by
other studies, irrespective of ethnic background, individ-
uals with higher levels of education more often showed
correct knowledge of preconception FA use [12, 26, 32].
Whether this also leads to actually behaviour change (e.g.
preconception FA use) is unknown from our study. How-
ever, a recent study found a positive association between
level of education and both knowledge and preconcep-
tional FA supplementation [33]. This finding is in line
with other studies revealing a gap with respect to FA use
due to a difference in knowledge between women of dif-
ferent educational levels [34, 35].
Also in our study, the knowledge gap between non-
Western immigrants and Dutch was significantly larger
amongst individuals with lower levels of education. No
apparent difference in knowledge was found among
highly educated individuals. Different health and peer
education programs have been conducted in the
Netherlands to promote healthy behaviors amongst less
educated non-Western immigrants [13, 36, 37]. One of
the intentions in Ready for a Baby was to increase the
low reproductive health (care) literacy of non-Western
ethnic minority groups using targeted and customized
peer education sessions [38]. These sessions were suc-
cessful in reaching and educating non-Western ethnic
minorities about reproductive behaviour e.g. utilization
of FA supplements, and antenatal and postnatal care
[38]. Besides knowledge transfer by educational sessions,
nudging is a promising method which has generated
great interest among policymakers [39]. Nudging sug-
gests an approach to behaviour change that focuses on
altering environmental cues to prompt healthier behav-
iour, e.g. making non-smoking more visible through
mass-media campaigns, instead of regulating, e.g. ban
smoking in public places.
In households without children, less correct knowledge
about preconceptional FA use was observed. We expect
that persons with children are more informed about FA
use because of their previous contact with a GP, midwife
or gynaecologist. In contrast with our results, other stud-
ies conducted in the Netherlands indicated that a previous
pregnancy influenced FA knowledge and use of women in
a negative way [12, 34].
Secondly, we will discuss the intention to seek out
PCC. For this outcome a significant citywide increase
was found from 16.1 % in 2007 to 24.6 % in 2012,
followed by a temporary significant decrease. Within the
two pilot districts a similar pattern was found. We as-
sume that the intention to seek out PCC increased as a
result of the interventions during the Ready for a Baby
program (2008–2012), and decreased when the interven-
tions stopped. This would support the hypothesis that
one-time campaigns seem insufficient for structural
(preconceptional) behaviour change and continuous at-
tention is needed.
The results showed a clear SES gradient: correct pre-
conception FA knowledge was low amongst the low SES
group, while low SES showed higher levels of intention
to consult a GP or midwife preconceptionally. We be-
lieve that these low SES respondents have less internal
resources (e.g. education, health literacy, and language
proficiency) to rely on their own abilities, which results
in higher utilization of health care services (e.g. higher
intentions to seek for PCC).
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Our study has some limitations. First, our results may
have been affected by non-response rates. Relative to the
Dutch population, immigrants were less represented
over the eight study years. However, we do not expect
this to have affected our results for the following reason.
The Amsterdam Born Children and their Development-
study on ethnicity related perinatal health [40] examined
the effect of selective ethnicity-related non-response.
The study was able to pursue an empirical approach of
non-response effects: data on non-respondents (out-
comes and determinants) could be retrieved anonym-
ously from national registries. It was observed that the
prevalence of outcomes and determinants (like e.g. edu-
cation) were affected due to selective participation. How-
ever, associations and results from regression analysis
were not affected to any relevant degree. Second, al-
though a questionnaire is a method for collecting infor-
mation, misclassification or bias through language
proficiency should always be considered.
Our study has several strengths. Firstly, it had large
numbers of participants, including different ethnic and
socio-economic groups, allowing us to evaluate a large
number of covariates. Secondly, the study was not lim-
ited only to women of childbearing age and/or women
who wish to fall pregnant, but was based on the general
population in a large city in the Netherlands. This en-
hances the external validity of the findings. Finally, as it
was not limited to women, we were able to evaluate gen-
der differences.
Conclusion
This study shows that knowledge on preconceptional
FA supplementation is still too low, especially among
low SES respondents. For the intention to seek for
PCC a vice versa effect was found; namely the lower
the SES, the higher the PCC intention. An one-time
national public campaign with FA recommendations
[34] did not manage to attain a permanent change in
(preconceptional) behaviour and/or knowledge. Pre-
conception health should be considered as a critical
stage in the continuum pregnancy related care. We
recommend a continuous approach to increase PCC
knowledge among the general population. This ap-
proach has to go far beyond one-time campaigns or
interventions including integration with other pre-
ventive health care maximizing demand for and up-
take of preconception interventions, especially by
adolescents and low socio-economic status groups.
This could be realized through activities at school
(e.g. integrating PCC in sexual health education at
high schools), general health-education programs at
school, or in health care center. Peer education seems
to be a promising health promotion approach, which
can be employed with regard to many subgroups that
are now difficult to reach for the regular health care
[38]. Finally, involvement of men in preconception
health and health care use could be an opportunity to
increase PCC uptake.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
ST, SD AND ES participated in the design of the study; ST and ÖE performed
the statistical analyses and ST drafted all versions of the manuscript. ÖE, TV,
GB, ES and SD commented on the draft. All authors read and approved the
final manuscript.
Acknowledgements
Data collection for this study has been carried out in cooperation with the
Municipal Health Service Rotterdam-Rijnmond and the Centre for Research
and Statistics.
Author details
1Department of Obstetrics and Gynaecology, Division of Obstetrics and
Prenatal Medicine, Erasmus MC, Westzeedijk 118, Room Wk-221, 3016 AH
Rotterdam, The Netherlands. 2Municipal Health Service Rotterdam-Rijnmond,
Rotterdam, The Netherlands. 3Department of Obstetrics and Gynaecology,
Division of Obstetrics and Prenatal Medicine, Department of Public Health,
Erasmus MC, Rotterdam, The Netherlands.
Received: 8 April 2015 Accepted: 4 December 2015
References
1. van der Zee B, de Beaufort I, Temel S, de Wert G, Denktas S, Steegers E.
Preconception care: an essential preventive strategy to improve children’s
and women’s health. J Public Health Policy. 2011;32(3):367–79.
2. Temel S, van Voorst SF, Jack BW, Denktas S, Steegers EA. Evidence-based
preconceptional lifestyle interventions. Epidemiol Rev. 2014;36(1):19–30.
3. de Weerd S, Polder JJ, Cohen-Overbeek TE, Zimmermann LJ, Steegers
EA. Preconception care: preliminary estimates of costs and effects of
smoking cessation and folic acid supplementation. J Reprod Med. 2004;
49(5):338–44.
4. van der Pal-de Bruin KM, le Cessie S, Elsinga J, de Jong-Potjer LC, van
Haeringen A, Neven AK, et al. Pre-conception counselling in primary care:
prevalence of risk factors among couples contemplating pregnancy.
Paediatr Perinat Epidemiol. 2008;22(3):280–7.
5. Delft M, van Ketting E. Anticonceptiegebruik in nederland. Houten (in
dutch). Bohn Stafleu Loghum., 2002.
6. van der Zee B, de Beaufort ID, Steegers EA, Denktas S. Perceptions of
preconception counselling among women planning a pregnancy: a
qualitative study. Fam Pract. 2013;30(3):341–6.
7. Temel S, Birnie E, Sonneveld HM, Voorham AJ, Bonsel GJ, Steegers EA, et al.
Determinants of the intention of preconception care use: lessons from a
multi-ethnic urban population in the netherlands. Int J Public Health. 2013;
58(2):295–304.
8. Graham H. Understanding health inequalities. Maidenhaid: OUP; 2009.
9. Czeizel AE, Dudas I. Prevention of the first occurrence of neural-tube defects
by periconceptional vitamin supplementation. N Engl J Med. 1992;327(26):
1832–5.
10. De-Regil LM, Fernandez-Gaxiola AC, Dowswell T, Pena-Rosas JP. Effects and
safety of periconceptional folate supplementation for preventing birth
defects. Cochrane Database Syst Rev. 2010;10:CD007950.
11. Olsen SF, Knudsen VK. Folic acid for the prevention of neural tube defects:
the Danish experience. Food Nutr Bull. 2008;29(2 Suppl):S205–9.
12. Timmermans S, Jaddoe VW, Mackenbach JP, Hofman A, Steegers-
Theunissen RP, Steegers EA. Determinants of folic acid use in early
pregnancy in a multi-ethnic urban population in the Netherlands: the
generation r study. Prev Med. 2008;47(4):427–32.
13. Denktas S, Bonsel GJ, Van der Weg EJ, Voorham AJ, Torij HW, De Graaf JP,
et al. An urban perinatal health programme of strategies to improve
perinatal health. Matern Child Health J. 2012;16(8):1553–8.
Temel et al. BMC Pregnancy and Childbirth  (2015) 15:340 Page 10 of 11
14. Landkroon AP, de Weerd S, van Vliet-Lachotzki E, Steegers EA. Validation of
an internet questionnaire for risk assessment in preconception care. Public
Health Genomics. 2010;13(2):89–94.
15. de Graaf JP, Ravelli AC, Wildschut HI, Denktas S, Voorham AJ, Bonsel GJ,
et al. Perinatal outcomes in the four largest cities and in deprived
neighbourhoods in the Netherlands. Ned Tijdschr Geneeskd. 2008;
152(50):2734–40.
16. http://statline.Cbs.Nl/statweb/publication/?Dm=slnl&pa=70748ned&d1=17-
24&d2=0&d3=0&d4=23&d5=l&hdr=t,g2,g1&stb=g3,g4&vw=t. Accessed on
10-12-2015.
17. Omnibus survey accountability 2007, 2010–2014 (in dutch:
Enqueteverantwoording omnibus enquete 2007, 2010–2014).
18. Temel S, Birnie E, Sonneveld HM, Voorham AJ, Bonsel GJ, Steegers EA, et al.
Determinants of the intention of preconception care use: lessons from a
multi-ethnic urban population in the Netherlands. Int J Public Health. 2013;
58(2):295–304.
19. Warner JN, Frey KA. The well-man visit: addressing a man’s health to
optimize pregnancy outcomes. J Am Board Fam Med. 2013;26(2):196–202.
20. Government of the Netherlands. https://nl.wikipedia.org/wiki/De_40_
wijken_van_Vogelaar. Accessed 24 January 2013.
21. Mitchell EW, Levis DM, Prue CE. Preconception health: Awareness, planning,
and communication among a sample of us men and women. Matern Child
Health J. 2012;16(1):31–9.
22. Sharp GF, Naylor LA, Cai J, Hyder ML, Chandra P, Guillory VJ. Assessing
awareness, knowledge and use of folic acid in Kansas women between the
ages of 18 and 44 years. Matern Child Health J. 2009;13(6):814–21.
23. Baykan Z, Ozturk A, Poyrazoglu S, Gun I. Awareness, knowledge, and use of
folic acid among women: a study from Turkey. Arch Gynecol Obstet. 2011;
283(6):1249–53.
24. Delgado CE. Undergraduate student awareness of issues related to
preconception health and pregnancy. Matern Child Health J. 2008;12(6):
774–82.
25. Kari JA, Bardisi ES, Baitalmal RM, Ageely GA. Folic acid awareness among
female college students: neural tube defects prevention. Saudi Med J. 2008;
29(12):1749–51.
26. Paudel P, Wing K, Silpakar SK. Awareness of periconceptional folic acid
supplementation among Nepalese women of childbearing age: a cross-
sectional study. Prev Med. 2012;55(5):511–3.
27. http://www.Cbs.Nl/nl-nl/menu/themas/bevolking/publicaties/artikelen/
archief/2013/2013-3883-wm.Htm. Accessed on 10-12-2015.
28. De Vries H, Mudde AN, Dijkstra A, Willemsen MC. Differential beliefs,
perceived social influences, and self-efficacy expectations among smokers in
various motivational phases. Prev Med. 1998;27(5 Pt 1):681–9.
29. Latkin CA, Knowlton AR. Social network assessments and interventions for
health behavior change: a critical review. Behav Med. 2015;41(3):90–7.
30. Baraka MA, Steurbaut S, Leemans L, Foulon W, Laubach M, Coomans D,
et al. Determinants of folic acid use in a multi-ethnic population of
pregnant women: a cross-sectional study. J Perinat Med. 2011;39(6):685–92.
31. van Eijsden M, van der Wal MF, Bonsel GJ. Folic acid knowledge and use in
a multi-ethnic pregnancy cohort: the role of language proficiency. BJOG.
2006;113(12):1446–51.
32. de Walle HE, de Jong-van den Berg LT. Growing gap in folic acid intake
with respect to level of education in the Netherlands. Community Genet.
2007;10(2):93–6.
33. Nelson CR, Leon JA, Evans J. The relationship between awareness and
supplementation: which Canadian women know about folic acid and how
does that translate into use? Can J Public Health. 2014;105(1):e40–6.
34. de Walle HE, de Jong-van den Berg LT. Ten years after the Dutch public
health campaign on folic acid: the continuing challenge. Eur J Clin
Pharmacol. 2008;64(5):539–43.
35. Woude PA, Walle HE, Berg LT. Periconceptional folic acid use: still room to
improve. Birth Defects Res A Clin Mol Teratol. 2012;94:96–101.
36. Kocken P, Voorham T, Brandsma J, Swart W. Effects of peer-led aids
education aimed at Turkish and Moroccan male immigrants in the
Netherlands. A randomised controlled evaluation study. Eur J Public Health.
2001;11(2):153–9.
37. Reijneveld SA, Westhoff MH, Hopman-Rock M. Promotion of health and
physical activity improves the mental health of elderly immigrants:
results of a group randomised controlled trial among Turkish
immigrants in the Netherlands aged 45 and over. J Epidemiol
Community Health. 2003;57(6):405–11.
38. Peters IA, Schölmerich VLN, van Veen DW, Steegers EAP, Denktaş S.
Reproductive health peer education for multicultural target groups.
J Multicult Educ. 2014;8(3):162–78.
39. Marteau TM, Ogilvie D, Roland M, Suhrcke M, Kelly MP. Judging nudging:
can nudging improve population health? BMJ. 2011;342:d228.
40. Tromp M, van Eijsden M, Ravelli AC, Bonsel GJ. Anonymous non-response
analysis in the abcd cohort study enabled by probabilistic record linkage.
Paediatr Perinat Epidemiol. 2009;23(3):264–72.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Temel et al. BMC Pregnancy and Childbirth  (2015) 15:340 Page 11 of 11
